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The single-breath nitrogen washout (SBN,) test was used, along with spirometry, in the baseline 
examination of a longitudinal study in a cohort of active coal miners from North-eastern France. The 
procedure was computerized, allowing the technician to coach and encourage the subject, and excluding 
computation errors. While all miners performed satisfactory spirometry, a significant number were 
unable to meet the National Heart and Lung Institute recommendation concerning a 10% agreement of 
vital capacities. When the limits were set at i 12”/0, 57 miners (24.2%) were still classified as failing to 
perform. When compared to those who succeeded, those failing proved to be significantly older, had 
more cumulated dust exposure, a higher prevalence of chronic cough and sputum, and a trend for more 
micronodulation on the chest radiographs. The ventilatory function did not differ between the two 
groups. 
These results confirm previous data on spirometric test failure concerning older age and respiratory 
symptoms, extending them to the SBN, test. The present study further indicates that dust exposure and 
roentgenologic pneumoconiosis nodulation are associated with failure to perform the SBN, test. 
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Introduction 
The single-breath nitrogen test (SBN,) was proposed 
45 years ago by Comroe and Fowler (l), and is used 
in the clinical laboratory as an index of ‘unequal 
ventilation’ by measuring the ‘alveolar gradient’, later 
called Phase III (PIII). In the late 196Os, the McGill 
team introduced the ‘airway closure’ concept (2). PI11 
and the closing volume (CV) have been widely 
used for the detection of early airflow obstruction 
in peripheral airways (3), as they are considered to 
be ‘sensitive tests’ able to detect abnormalities in 
subjects with normal or borderline FEV, (4). 
The SBN, test was standardized in 1973 by the 
National Heart and Lung Institute. It was specified 
that: the test vital capacity (VC) had to correspond 
within 10% to the inspired vital capacity and to the 
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independently measured VC; the inspiratory and 
expiratory flows had to be uniform and inferior 
to 0.5 1 s- ‘; and the tracings had to be free from 
any irregularities (5). Even in the best laboratory 
conditions, studying co-operative subjects, a certain 
number of subjects are unable to perform the SBN, 
manoeuvres correctly. In epidemiological surveys, the 
subjects failing to perform the test are excluded from 
the analysis; this, however, tends to underestimate the 
effect of the risk under study. 
Several authors have used the SBN, test in patients 
with advanced silicosis (6,7); Erasmus et al. have 
proposed the use of the SBN, test in South African 
gold miners from the start of their mining career (8). 
Therefore, the present authors decided to use the 
SBN, test in a longitudinal study of respiratory 
symptoms and pulmonary function in a sample of 
coal miners from Lorraine (North-eastern France) 
(9). The two aims of the present study were: (a) to 
check if the 10% concordance limit in vital capacities 
is applicable in epidemiology; and (b) to see if the 
subjects failing the test have specific characteristics. 
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Materials and Methods 
STUDY POPULATION 
The study population consisted of coal miners aged 
less than 50 years, with at least 10 yr exposure 
underground in the coal pits of the Houilleres du 
Bassin de Lorraine (North-east France), who volun- 
teered for a longitudinal (4-yr) study of respiratory 
symptoms, pulmonary function and chest radio- 
graphs. The study protocol was approved by the 
regional medical ethics committee, and each subject 
gave informed written consent. A first random exami- 
nation yielded 163 radiographs classified O/l, l/O or 
l/l by the mine medical officer, according to the 
International Labour Office classification (10). These 
radiographs were then independently read by four 
pneumologists; their agreement resulted in a group of 
80 radiographs with category O/l or l/O nodulation 
free of other lesions than the pneumoconiosis (11). 
Two control groups were then selected from the rest 
of the miners: one group of 80 miners with normal 
radiographs and at least 10 yr exposure at the coal- 
face; and a second group of 80 miners with normal 
radiograph, working underground outside the coal- 
face. Both control groups were matched to the cases 
by age, anthropometry and tobacco consumption (9). 
All the subjects included had a technically satisfac- 
tory ventilatory test in the year preceding the study. 
Questionnaire 
The European Coal and Steel Community Question- 
naire (12) was completed by the subject and checked 
by the investigator at the time of the study. The total 
dust exposure underground was estimated for each 
miner as the sum of dust concentrations in various 
work places underground multiplied by the duration 
of work in that place (13). 
LUNG FUNCTION 
Flow-volume curves were recorded with a Fleisch no3 
pneumotachograph-based electronic spirometer; pre- 
dicted values were those of the European Community 
for Coal and Steel (14). Spirometry was always 
performed before the nitrogen washout in order to 
offer a reference figure for the SBN, test vital capac- 
ity. The nitrogen washout test was realized with a 
computer-based assembly including a nitrogen 
analyser (Hewlett-Packard 47302A), a Fleisch no1 
pneumotachograph, and a one-way valve system (15). 
Orifice resistances helped the subject to maintain the 
inspiratory and expiratory flows within the prescribed 
limits displayed on the computer (Apple II) screen. At 
the end of the test, the %N, vs volume plot and the 
expiratory flow were displayed on the screen; at this 
moment, the technician could accept or reject the test. 
Reasons for test rejection were irregular or forced 
breathing, irregular N, trace, or gross (>20%) differ- 
ences between vital capacities (test expiratory vs 
inspiratory VC; test expiratory vs forced VC). Each 
test was preceded by a maximal inspiration (stand- 
ardization of the volume history) and followed by a 
3 min pause. To ensure optimal understanding of the 
manoeuvre, the procedure was first explained to the 
subject using a sketch, then mimicked by the techni- 
cian, next performed by the subject breathing air, and 
finally done for real. The procedure was stopped 
when two valid results were obtained; the maximum 
number of attempts was six. The test was adminis- 
trated by the same experienced observer. Both lung 
function tests were performed sitting and wearing a 
nose clip. Calibration of the volume signals was done 
with a 1 1 syringe for the SBN, test and a 3 1 syringe 
for the spirometer. Details of the procedure have been 
given in previous publications (16,17). The algorithm 
used was derived from that of Craven et al. (18). 
STATISTICAL ANALYSIS 
The differences between ordinal variables was tested 
by the Chi2 (or Chi2 for trend) and the Fisher exact 
tests; the difference between mean values was tested 
by analysis of variance. 
Results 
Five of the 240 subjects could not attempt the test for 
reasons independent of their will (technical failure) 
and were deleted from the analysis. Of the 235 
subjects remaining, 10 gave no (eight subjects) or only 
one (two subjects) valid attempt, and were excluded. 
The 10% concordance of vital capacities criterion 
recommended by the National Heart and Lung Insti- 
tute was then applied to the 631 trials of the 225 
subjects; this limit proved exacting, as it excluded 170 
(26.9%) of the trials. A trial was considered invalid if 
either the test expired VC/forced VC or the test 
expired VC/inspired VC were outside the 10% limits. 
Based on the test expired VC/forced VC ratios histo- 
gram, the authors decided to accept trails with a 12% 
concordance. This limit excluded 47 subjects; adding 
the 10 with complete failure mentioned above yielded 
57 subjects unable to perform, i.e. 24.2% of those 
attempting the SBN, test. 
The characteristics of subjects who failed and those 
who succeeded the SBN, are presented in Tables l-3. 
Subjects who failed were 1.3 years older, and had 
a greater total dust exposure (Table 1); the trend 
for more frequent micronodulation on the chest 
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TABLE 1. Physical characteristics, tobacco consumption, dust exposure and roentgenologic 
aspect in 235 miners in respect to the single-breath nitrogen test performance 
Single-breath N2 test 
Succeeded Failed P 
Number of subjects 
Age, years (mean f SD) 
Height, cm (mean + SD) 
Weight, kg (mean & SD) 
Body mass index, kg/m* (mean f SD) 
Tobacco consumption, no (%) 
Smokers 
Non-smokers and ex-smokers 
Exposure to dust (mean * SD) 
Coal face, years 
Total underground, years 
Estimated total dust exposure (mg/m’) 
Chest roentgenogram: no (‘l/o) 
o/o 
O/l 
l/O 
178 
42.2 It 34 
174.5 i 6.2 
78.9 f 10.8 
25.9 f 3.2 
102 (57.3) 
76 (42.7) 
14.0 % 11.0 
21.6 i 7.8 
53.3 z!E 39.3 
124 (70) 
36 (20) 
18 (10) 
57 
43.5 IIC 3.6 
173.1 f 5.4 
79.6 * 11.3 
26.5 41 3.2 
33 (57.9) 
24 (42.1) 
14.9 f 12.4 NS 
23.3 f 7.7 NS 
70.2 zt 48.6 =0.02* 
32 (56) 
20 (35) 
5 (9) 
=0.01* 
NS 
NS 
NS 
NS 
= 0.07.t 
*By ANOVA and t-test. 
TChi2 test for trend. 
SAccording to the International Labour Office classification. 
radiograph (35 vs 20% for category O/l) was of 
borderline significance. All the respiratory symptoms, 
with the exception of hay fever and acute respiratory 
infections in the 2 months preceding the study, were 
more frequently present in subjects who failed (Table 
2); this difference was significant for chronic cough 
and phlegm. In contrast, no differences in ventilatory 
function were found between the two groups (Table 
3). All the subjects performed spirometry successfully. 
Discussion 
In a group of active, middle-aged coal miners, volun- 
teering for a longitudinal study of their respiratory 
TABLE 2. Respiratory symptoms in miners in respect to the single-breath nitrogen test 
performance (%) 
Single-breath N, test 
Succeeded Failed P 
Chronic cough 
Chronic phlegm 
Breathlessness 
Wheezing 
Doctor-diagnosed asthma 
Hay fever 
Respiratory infection last 2 months 
Clinical signs of bronchospasm 
12.4 31.6 =0.001* 
11.2 28.1 =0.002 
2.8 7.0 NS 
46.1 57.9 NS 
2.3 5.3 NS 
15.7 12.3 NS 
7.3 3.5 NS 
4.5 7.0 NS 
*Percentages compared by the Chi2 test or the Fisher exact test when expected n<5. 
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TABLE 3. Ventilatory function in respect to the single-breath nitrogen test performance 
(mean f SD) 
Single-breath N, test 
Succeeded Failed P* 
vc (1) 4.78 f 0.67 4.74 f 0.60 NS 
VC (% predicted) 103.7 f 11.4 105.5 f 11.1 NS 
FEY, (1) 3.87 f 0.59 3.85 f 0.53 NS 
FEV, (% predicted) 102.8 f 13.7 104.9 f 12.3 NS 
FEVJVC (%) 81.2 + 5.8 81.3 f 5.7 NS 
FEVJVC (% predicted) 101.9 f 7.4 102.3 ZIZ 7.2 NS 
FEFSO%VC (1s - ‘) 4.66 f 1.33 4.58 zt 1.14 NS 
FEFSO%VC (% predicted) 93.8 f 26.4 94.1 it 23.1 NS 
FEF25%VC (1s - ‘) 1.74 f 0.55 1.73 * 0.47 NS 
FEF25%VC (% predicted) 82.6 dz 25.9 84.8 + 21.6 NS 
*Comparison of means by ANOVA and t-test. NS, not significant. 
symptoms and lung function, who all successfully 
performed the forced expiration test, application of 
the National Heart and Lung Institute criterion of 
10% concordance between the test VC and the separ- 
ately measured FVC was found to exclude 27% of the 
trials. Accepting a 12% concordance allowed reduc- 
tion of the proportion of subjects excluded to 24%. 
The subjects failing the SBN, test were older, had 
more exposure to dust, tended to have more nodular 
opacities on their radiographs, but had no difference 
in ventilatory function as compared to subjects who 
performed satisfactory. 
The authors do not believe that these results could 
be explained by selection or attendance bias. The 
subjects failing the test were interspersed among those 
performing successfully; the only initial selection 
criteria were aged younger than 50 years and a signifi- 
cant exposure to dust underground. Careful calibra- 
tion of the equipment and computerization of the 
calculation limited any measurement errors (16-l 8). 
Thus, inasmuch as these miners were volunteers and 
were carefully shown the manoeuvre and repeated it 
before measurement, the failure rate observed (24%) 
must be considered minimal in the given conditions. 
The SBN, test was found to be abnormal in 
patients with silicosis (6,7), in gold miners (8), and in 
workers exposed to cement (19) or granite (20) dust. 
After correction for FEV,, age and smoking, Phase 
III remained a strong predictor of mortality in the 
study by Menkes et al. (21). Of interest in the context 
of the present work are the results of Vestbo and 
Rassmussen (22), who reported a significant elevation 
of mortality (relative risk 2.03, 95% CI: 1.45-2.85) in 
subjects unable to perform acceptable SBN, tests. 
The same authors found a significant increase in 
hospitalization for respiratory disease in general for 
the subjects failing the SBN, test in a group of Danish 
men followed for 9 yr (OR 2.3, 95% CI: 1~24.3) (23). 
The only analysis directly comparable to the 
present work is the study of Viegi et al. (24) in a 
general population of Northern Italy. Although 
accepting test within 15% of the previous slow VC, 
these authors report high failure rates: 40% for PI11 
and 58% for closing volume. Failure to perform was 
more frequent among females and subjects with res- 
piratory symptoms. The subjects failing to perform 
had lower ventilatory function, were older than 45 
years (if females), and were less frequently smokers or 
ex-smokers. In agreement with Italian authors, the 
present study found an association between failure to 
perform, older age and more respiratory symptoms; 
in contrast, no influence of smoking or ventilatory 
function was found by the present authors. The 
discrepancies can be explained by the differences in 
the subject samples: a rural population of both sexes, 
with a large age range (8-64 years) in the Italian 
study; a group of active coal miners with a relatively 
narrow age range (38-50 years), volunteering for 
follow-up, in the present study. Among the factors 
associated with failure to perform the SBN, test in the 
present study were, besides age, duration of exposure 
underground, a higher cumulated exposure to dust 
and more nodulation on the chest radiograph (the 
latter association was of borderline significance). 
It should be noted that the failure rate was always 
lower in urban (23,25,26) as compared to rural popu- 
lations (24,27). The SBN, test is generally considered 
to be independent of the subject effort, if compared to 
the forced expiration manoeuvre. However, full 
co-operation is necessary in order to obtain valid 
results: (a) an incomplete expiration preceding the 
test influences the alveolar slope, as 0, is inhaled 
above the RV level; and (b) a submaximal test 
inspiration will lead to underestimation of the SBN, 
total lung capacity (28,29). An incomplete end-of-test 
expiration will underestimate the closing volume (16). 
Spirometry is the most frequently employed test in 
epidemiology; the data on its failure are more numer- 
ous. In respect to the severity of the criteria applied, 
failure rates vary within large limits. Humerfelt et al. 
(30) applied the European Community for Coal and 
Steel 1983 and 1993 criteria to the same results: the 
failure rates were 1.6 and 9.5%. respectively. In some 
surveys, the failure rate may exceed lO”/o, as, for 
example, 15% for FEV, and 11.5% for FVC in the 
study by Nganga et al. (31). With careful instruction 
of the subject, optimal technician training and equip- 
ment calibration, the intra-individual variability of 
FEV, can be reduced to 160 ml in men and 120 ml in 
women, as demonstrated in the Lung Health Study 
(32). Increased failure rate was reported in taller or 
overweight men (30,31), in older subjects (33), and in 
subjects with recurrent chest illness (31) or acceler- 
ated decline of lung function (34). The influence of 
tobacco smoking is controversial, since Eisen et al. 
(35) reported better reproducibility among smokers, 
while Nganga et al. found less reproducible results in 
smoking women (31). In agreement with Kellie et al. 
who used spirometry (33), the present authors found 
an association of SBN, failure with increased mine 
dust exposure. Also, this work confirms previous 
studies reporting more respiratory symptoms in sub- 
jects failing to perform the lung function tests. Inter- 
estingly, more bronchial hyper-reactivity was found 
among subjects failing to perform spirometry by 
Nganga et al. (31). The present study found no 
difference in ventilatory function between the two 
groups, at variance with the lower FEV, in those 
failing to perform reported by Kellie et al. (33) and 
Vestbo et al. (23). 
A limitation of the interpretation of the results of 
these studies is the fact that details on the number of 
attempts necessary to obtain acceptable recordings 
are lacking; according to Humerfelt et al., this 
information should be given in the future (30). 
In earlier epidemiologic research, the results of 
subjects not fulfilling the reproducibility criteria were 
simply dismissed. Eisen et al. (34) were the first to 
stress that this procedure leads to a serious selection 
bias. In a subsequent study, they reported a byssino- 
sis prevalence of 13.3% in workers with spirometric 
test failure, more than twice the prevalence of 5.8% in 
workers with repeatable tests (36). In workers 
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exposed to asbestos, chronic bronchitis was also more 
prevalent in those with test failure (37). According to 
Eisen et al., excluding from analysis subjects who 
exhibit test failure will bias the study towards the null, 
masquerading the effects of the risk factors under 
consideration. As put by Becklake, ‘test failure is as 
likely to reflect ill health, as it is to reflect poor 
cooperation, poor effort, or the incompetence of the 
technician’ (38). 
In conclusion, 24.2% of a cohort of active, middle- 
aged coal miners, volunteering for a longitudinal 
study of lung function and respiratory symptoms, 
able to perform satisfactory spirometry, were unable 
to perform two SBN, test manoeuvres with vital 
capacities agreeing within 12’1/0. The miners unable to 
perform were older, had more dust exposure, more 
frequent X-ray micronodulation, and more chronic 
cough and phlegm. Their ventilatory function did not 
differ from that of miners who performed success- 
fully. The failure rate above is probably a minimal 
one in occupational surveys, as the subjects were 
in principle co-operating, the technician had a 
long experience of the test, and the manoeuvre was 
simplified by computer drive of the valve assembly. 
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